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Executive  Summary 
 
 
Motiv
e 
Additive manufacturing, also known as 3D printing, is an innovative and relatively new technology 
which several industries (e.g. aerospace, automotive and  healthcare)  have  already  embedded  into 
their operational processes or are in the process to implement. The technology is gaining attention in 
professional literature and organizational scope however, from an industrial perspective it is still 
considered to be in its early stages. Many organisations are still unfamiliar with the technology but 
show serious interest to explore the proposed benefits of additive manufacturing. 
 
Nevertheless, what is 3D printing and why are so many organisations interested in this technology? 
Simply put 3D printing is building (printing) layer by layer on top of each other, which results in a 
three-dimensional object. Today, time consumed by the whole process of printing and having  a 
finished object is approximately between two days and five days depending on the used technology 
and size of the object. There are several proposed benefits but most important is the professional 
freedom of having a machine that can create any object one desires instead of ordering it via the 
classic supply chain. Other proposed benefits are the flexibility in time due  to  the  fact  that  the 
process can be started at any desired moment. Flexibility in design as the object can be adjusted and 
altered to specifications and desire of the end user which is not possible with common mass 
production. Combined with the Internet of Things (also referred to as IoT), which means any object 
or person can be connected to the Internet via sensors, 3D printing is argued to be the next industrial 
and economical revolution that will change the way of doing business. Before the  technology  of 
additive manufacturing becomes viable management is likely to calculate the total cost of ownership. 
The decision making process of using 3D printing as an alternative (or  substitute)  is  likely  to  be 
positive but only when there is a significant return on investment. 
 
Problem definition 
However, to support the statement of the next industrial revolution no or very little  scientific 
research is done which signifies a gap in the existing  body  of  knowledge.  Especially  in  industries 
where one would expect innovative technology to be  common  use,  considering  the  revenue  and 
sheer size, this cannot be considered as a standard. An example of an industry that can be considered 
to be using innovative technologies is the maritime industry. Even though it carries 90% of world’s 
trade and has a significant effect on a nation’s economy it is argued that the use of  new  and 
innovative technologies is rather limited. It is also argued that the root cause is connected to the 
acceptance of (new) technology  within  the  maritime  industry.  Considering  the  statement  of 
industrial revolution from the perspective of supply chain, it is of critical importance to study what 
the acceptance of the technology is likely to have on supply of printable marine spares. Can additive 
manufacturing be considered as a disruptive technology that will alter the supply of printable spare 
parts in the context of the maritime industry? This has led to the main research question: 
 
(1) Is additive manufacturing (3D printing) likely to be accepted as an innovative technology and (2) is 
likely to significantly affect the supply of marine spares within the maritime industry? 
 
The first part of the main research question can be considered as a condition for the second part. 
When the technology is likely to be adopted it is also likely that the supply chain will altered or 
redesigned. When the technology is not (yet) likely to be adopted the supply of marine spares will 
remain as is. 
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Research design 
As there is little to no research done on the acceptance of 3D printing technology in general and 
especially none in the maritime industry the research is based on a qualitative embedded single case 
study design and has an explorative nature. A triangulation of sources for information and data is 
used to obtain a solid base for results and conclusions. To avoid methodological issues, the research 
is being conducted as transparent as possible to assure validity and reliability. 
 
Literature research forms the base of the research to collect data, which embodies subjects as the 
maritime industry, the maker movement (additive manufacturing), Internet of Things, technology 
acceptance and supply chain. From this literature, direction was found to conduct further research 
and create a conceptual framework in which propositions are formed and operationalized. The 
empirical data shows the extent of technology acceptance and behavioural intention to use additive 
manufacturing. The number of organisations and professionals that are aware or even working with 
the technology seems limited and therefore the most suitable way to retrieve empirical qualitative 
data is via interviews with different identified stakeholder groups. These are the manufacturer group 
(of 3D printers, two interviews), the ship supplier group (three interviews) and the end user group 
(customer, four interviews). As these three groups represent stakeholders within the scope of this 
research it is likely to assume that these interviews give some insight in  the  behavioural  attitude 
towards accepting the innovating technology of 3D printing in the  maritime  industry.  The  third 
source is corporate documentation (ten documents) of organisations, divided by the identified 
stakeholder groups, which  are used to compare and verify empirical data derived from the 
conducted interviews. As the industry consists of many segments, maritime organisations have their 
own view on the future and coping with a volatile and demanding market. They have developed their 
own vision, mission and strategy, which are publicly published. Besides these documents, the 
organisations that are registered at a stock exchange have the obligation to  publish  their  annual 
reports. Not only the financial numbers are accounted for but also the view of the management on 
several topics in the past year and near future are being shared. 
 
Results and conclusions 
From the results can be concluded that maritime characteristics (awareness, low-tech and 
fragmentation) are the most important reason for not accepting the technology of additive 
manufacturing as a viable alternative or substitute for mass production and  supply  of  printable 
marine spares. This is however the conclusion based on the current state of the technology. Empirical 
data shows that stakeholders have a significant interest in additive manufacturing but have no 
intention to use it as of yet. Organisations first want to see and experience to what extent the 
technology is viable for operational purposes. Especially for small objects the technology is perceived 
to be flexible to work with. This cautious approach by stakeholders causes the supply of printable 
marine spares to not be affected (yet). When the technology is likely to be applied, the supply of 
marine spares is likely to adapt accordingly. 
 
Limitations and recommendations 
This study suffers from a number of limitations that need to be taken into consideration when 
interpreting the findings. As the maritime industry is very large and can be considered as, highly 
fragmented results and conclusions can be argued to not account for the whole industry but never 
the less it provides direction for further research. Secondly, as the technology  of  additive 
manufacturing is rapidly developing and new innovative improvements are being made on an almost 
daily basis this research can be only be considered as a snapshot of current reality. As often due to 
the rapidly developing nature of technology, it can be argued that results and  conclusions  have 
changed in a relatively short period. Although other variables like the industry characteristics are not 
likely to change overnight, the attitude towards the technology can still be altered in a rapid pace 
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due to validated benefits and the power of persuasion. Finally, the limited scope of this research due 
to the nature of being a master thesis conducted in a nine months’ period is not proportionate to the 
size and significance from an economic perspective of the maritime industry. Again, it provides 
direction for further research to build upon. 
 
Stakeholders of the maritime industry as described (3D printer manufacturer, ship supplier and end 
user) need to be aware that even though the results of this research show that the technology is not 
likely to be accepted in the near future 3D printing still holds an important promise. When the 
technology becomes more developed, operational and economic benefits are accounted for and the 
industry becomes more aware the acceleration of this technology holds opportunities and threats. 
These need to be addressed by strategic decision makers even though the conservative nature of the 
maritime industry is likely to remain the same or adjusting to innovative technology in a slow pace. 
 
Further research regarding acceptance of technology in the maritime industry needs to be focused 
on the normative beliefs of stakeholders as these ideas prove to be of important influence. As the 
industry is regarded as conservative these social influence and behavioural aspects are considered to 
be part of the equation. 
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1 Introduction 
 
1.1  Motiv
e 
“See the promise of being makers of things, and not just the consumers of things.” (Barack Obama, 
2009). 
 
Information technology has been leading the world’s population and the way business into the 
information era from the day the Internet was invented by English scientist Tim Berners Lee in 1989. 
Since then the development of (computer) technology and usage of devices to support in business 
and everyday life took an enormous flight. Technology was becoming faster, smaller, easier-to-use 
and (due to economies of scale on large productions numbers) becoming low-cost. 25 years later the 
innovation and usage of technology has increased at such a high rate that people rely on it almost 
blindly. An example is the use of smart technologies in a domestic environment (smart telephones), 
the use e-commerce via the Internet, cloud computing  and  big  data  that  are  only  examples  that 
come to mind first. These technological innovations however will continue to develop and probably 
affect everyday life (professionally and privately) more and more. 
 
The most important question is what will these technologies bring to organizations, individuals and 
the society as a whole? Where will technology development lead to on the short and long term? In 
addition, is it the next revolution on an industrial scale? These questions are related to the role 
technology will play in everyday life. This will have impact from the usage in our private lives to the 
applications in professional and organizational environments. One can only  try  to  imagine  what 
future lives will look like. Additive manufacturing (or 3D printing) is also one of the technologies that 
is developing at a very rapid pace. At first and for many years it has been a small-scale niche market 
but since recently, it has caught the attention of the public due to technological  development 
(internet and social media). The Maker Movement, which consists of a growing online community 
who are creating computed aided designs (CAD) and placing them online to be distributed and 
increasing gathering (online) communities on Maker Fares, is spreading and influencing consumers 
on a fast pace as well. Research regarding this subject and the impact of 3D printing is scarce and 
there are many blank spots to be filled. Domains that are presumed and likely to be influenced at 
first are: 
 
• Aerospace, aviation and automotive; 
• Healthcare (live tissue); 
• Supply chain (transport, logistics); 
• Smart professional and personal environment (office and home). 
 
The maritime industry is believed to carry 90% of the world trade and is therefore not only of high 
importance to organisations but also for countries as it has the capacity to influence nation’s 
economy. Even though the shipping industry has been evolving in the past 30 years to a modern 
business where vessels and ports are changed, fitted and designed to be operated in an economic 
efficient manner. This causes the transportation of goods and raw materials by sea to be the lowest 
of all modes of transport. However, in comparison to other industries the maritime industry is 
perceived as an industry in which the application of IT means is at  an  immature  state.  Critically 
enough, because the importance of the industry in the global and local economies is very significant. 
E.g. The GDP of The Netherlands is, according to Central Bureau Statistics (CBS), heavily dependent 
(2014, approximately 20%) on international trade. This includes the Port of Rotterdam which is 
currently the number fourth largest harbour in the world in terms of cargo throughput (2015, 442 
million tons). 
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1.2  Problem definition 
In a more and more demanding, changing and developing environment, which can be characterized 
by the role and use of technology, organizations need to adapt to make sure the primary goals, to 
survive and add value, are reached in a solid manner and more desirable  by  showing  growth  in 
revenue every year. This principle goes for many industries and thus also for the modern maritime 
industry. The maritime industry can be described as a rather conservative but also volatile business 
where changing and adapting to contextual elements consumes time and patience even though all 
the stakeholders have more expectations on a daily basis. 
 
As technology is presently a key driver for many innovations, and is believed to be of even more 
importance over time, the way industries (and in this research  the maritime industry) and  people 
working for it will likely be influenced or affected sooner rather than later. Many research has been 
conducted on the way people are likely to accept a certain technology and therefore innovation or 
change. Several theories such as technology acceptance model  (TAM),  theory  of  reasoned  action 
(TRA) which are combined in the unified theory of acceptance of technology (UTAUT) pose insights in 
specific variables such as utilization and social factors, which are arguably moderated by other 
variables such as awareness and level of fragmentation in the maritime industry as well. A 
technology that is gaining in presence is the Internet of Things. It is widely considered as a future key 
enabler for other technologies like additive manufacturing (also referred to as 3D printing) to grow 
and become present in daily life. 
 
From this perspective, it is of critical importance to research to which extent end users (customers) 
have a certain attitude and are willing or able to accept the technology of additive manufacturing as 
a possible alternative or even substitute for the supply chain of marine spares in their daily 
operational business. Because it appears that not only there is very little  research  done  on  this 
subject, which suggests a gap in the existing body of knowledge and therefore proving scientific 
relevance, but also critical to research what the possible effects are likely to be for the supply of 
marine spares. 
 
Especially as the technology of 3D printing, from an industrial perspective, is currently being 
regarded to be in its early stages. Even though the technology is being applied in high-tech industries 
like aerospace, aviation and automotive it is limited to prototyping for specific purposes. Only now, 
organisations and professionals are becoming aware and learning of the possible benefits. Due to the 
increasing attention of a growing (professional) audience the development of the  technology  is 
picking up pace and Singapore is showing a leading role. In 2014, a $30 million research centre 
specifically for 3D printing was established and the number of PhD research and degree’s in this area 
is increasing rapidly. Organisations and individuals prove to have an increasing interest in 3D printing. 
Some are actually testing to what extent 3D printing can assist in making their operational processes 
more efficient and flexible. As there are no studies on the acceptance of additive manufacturing in 
the maritime industry it is of critical importance to research what effect this technology is likely to 
have on the supply of printable marine spares. This has led to below research question and sub 
questions: 
 
Research  question 
(1) Is additive manufacturing (3D printing) likely to be accepted as an innovative technology and (2) is 
likely to significantly affect the supply of marine spares within the maritime industry? 
 
The research questions consist of two parts where the first part can be perceived as a condition for 
the latter part. The technology first needs to be  accepted,  adopted,  tested  and  implemented  for 
metal marine spares as these objects are relatively easy to 3D print. It can then be considered as an 
alternative or substitute  for classic mass production  of marine  spares  whereas economies of scale 
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and return on investment are significant elements to take into account and can be considered as a 
prerequisite for a viable application of additive manufacturing in the maritime industry. When the 
requirements of the first part are met, the second part of an affected classis maritime supply chain 
by changing demand and shifting of power in that same supply chain could have far stretching 
consequences. 
 
 
1.3  Research outline 
As this research is part of a Master thesis for  the  degree  of  Master  of  Science  in  Marketing  and 
Supply Chain Management at the Open University (The Netherlands) the time frame is limited to 600 
hours. The subject therefore also needs to be limited in its scope. The research is conducted in a 
period of nine months starting in August 2015 and ending in April 2016. As the research is 
exploratory in nature, qualitative methods are suggested to be more applicable and the embedded 
single case study is selected as the primary methodology. 
 
In the preliminary phase, the distinctive features of several variables that are relevant to  this 
research within the international maritime  industry  are  collected  from  existing  scientific  literature 
and synergized in a logic manner. The methodology adopted within this phase is primarily literature 
review, which showed that there was little or no research done on the application of 3D printing in 
the maritime industry. The embedded cases that are identified as different stakeholder groups vary 
from manufacturers of 3D printers, ship suppliers of spare parts and end users (or customers) in the 
maritime  industry. 
 
The second phase consists of a field research, which was conducted in a time frame of maximum of 
three months starting in January 2016 until March  2016.  Nine  interviews,  which  are  divided  into 
three stakeholder groups namely 3D printer manufacturer (two interviews), ship supplier (three 
interviews) and end user (four interviews) are based on a semi-structured format, which are 
operationalized based on the theory of user acceptance and use of technology. Every interview is 
processed in a written transcript and coded afterwards for analytic purposes. This phase also consists 
of gathering public documents i.e. annual reports, missions, visions, and corporate communications, 
from ten organisations within the maritime industry. These documents are analysed, coded and 
processed in a matrix for overview purposes. 
 
The third phase consists of analyses of the collected data, which are derived from the discussed 
triangulation of sources and strengthens the validity of the research. Analyses is done via coding of 
the qualitative response, including the three stakeholder groups (in appendices), into one matrix to 
have a clear overview of all the data. By analysing the results and conducting pattern matching the 
propositions can be validated for concluding purposes. 
 
The fourth and final phase consists of concluding and answering the research question and sub 
questions. When reporting the final results in this chapter they need to be discussed to challenge the 
conclusions and are compared to latest insights from other research. Implications for practice will be 
provided as well. Further recommendations for future research will also be given for which  this 
research can be used as a starting point. 
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1.4  Contribution 
The existing body of knowledge regarding additive manufacturing and 3D printing can be regarded as 
immature as scientific research regarding this subject is difficult to find. Most likely due to the 
innovative nature of the technology especially applied in industrial environments. Some high-tech 
industries, as discussed in the introduction, are using the technology for prototyping purposes but 
not for mass production (or mass  customization)  of  3D  printable  objects.  Nonetheless,  the 
technology is regarded by many as an important driver for future economic developments, however 
not based on extensive scientific research. As the technology is evolving and developing it holds 
opportunities and threats for organizations and their supply chains. Especially for organisations that 
are making, purchasing, selling or using (based on supply and demand) objects which can potentially 
be printed via additive manufacturing. In industries where organizations are not accustomed to the 
utilization of advanced technology it can be questioned to what  extent  professionals  and 
management influence the acceptance of a certain technology. 
 
As there is no scientific research for this particular subject in the maritime industry this study is of 
critical importance to contribute theory to the existing body of knowledge, which is derived from 
empirical data. I.e. this scientific study  adds knowledge by empirical data  derived from conducted 
interviews with stakeholders, divided by three groups (printer manufacturer, ship supplier and end 
user), working  in the maritime industry. As these professionals have an empirical perspective it is 
essential to study what their view is on additive manufacturing of printable marine spares. Especially 
the possible acceptance of this technology as  an alternative or substitute for existing methods of 
manufacturing. 
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2 Literature  research 
 
 
This chapter inductively describes the variables that are of potential influence on the existing supply 
chain and are acknowledged by a profound literature research for this particular study. By following 
steps from a macro to micro perspective a conceptual framework can be developed. The Internet of 
Things can be regarded as a basic foundation to enable 3D printing to be more feasible. The maritime 
industry figures as the context and holds certain characteristics which are likely to influence 
relationships. The maker movement (additive manufacturing or 3D printing) are an innovative 
technology which is regarded as potential economically revolutionizing. The  acceptance  of 
technology derived from existing theory consisting of multiple constructs, (performance expectancy, 
effort expectancy, social influence and facilitating conditions) and is regarded as a condition to  a 
potential affected supply chain. 
 
In the conceptual framework five propositions are recognized which lead to a hypothesis which is 
aligned with the main research question. Four propositions are based on the moderating expectancy 
of maritime characteristics and the fifth is based on the complete acceptance of the technology. As a 
result, by accepting or not accepting the technology the future supply chain could be driven 
upstream by customers instead of downstream by manufacturers. 
 
2.1  Internet of Things 
2.1.1 What is the Internet of Things? 
The term “Internet of Things” (IoT) was introduced by MIT in the late 1990’s. The characteristic 
difference with the existing Internet is that IoT is an integrated part of the future Internet. It can be 
defined as a dynamic global network infrastructure with self-configuring capabilities based on a 
standard and interoperable  communication protocols where physical and virtual ‘things’ have 
identities, physical attributes, virtual personalities and intelligent interfaces and are seamlessly 
integrated into the information network (Zou et al 2015, Xia et al 2015). I.e. it refers to a ‘devices or 
sensors connected world’ where objects are connected, monitored and  optimised  through  wired, 
either wireless or hybrid systems. Other studies provide another definition; a worldwide network of 
interconnected uniquely addressable objects, which are often equipped with ubiquitous (being 
present everywhere) intelligence based on standard communication protocols. IoT will increase the 
ubiquity of the Internet by integrating every  object  for  interaction  via  embedded  systems,  which 
leads to a highly distributed network of devices communicating with human beings as well as other 
devices (Feng et al 2012, Eddy 2014). It can also be described as a novel paradigm that is rapidly 
gaining ground in the scenario of modern wireless telecommunications. In 2008, the European 
Commission started the project CASAGRAS to research Radio Frequency Identification (RFID) and the 
Internet of Things and defines IoT as follows: “Things having identities and virtual personalities 
operating in smart spaces using intelligent interfaces to connect and communicate within social, 
environmental and user contexts. A world where  things  can  automatically  communicate  to 
computers and each other providing services to the benefit of the human kind”. 
 
The basic idea of this concept everywhere internet is the pervasive presence around us of a variety of 
things or objects which are equipped with sensors like RFID tags, which through unique addressing 
schemes, are able to interact and communicate (i.e. form a network) with each other (Atzori et al, 
2010, Gubbi et al 2013)). The things or objects that is referred to could be goods in  general, 
machines, appliances, buildings, vehicles, animals, people, plants and soil. I.e., (almost) anything can 
be equipped with a sensor (Barret, 2012). 
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2.1.2 Opportunities and threats 
The internet as we know it today has changed the way we live drastically,  moving  interactions 
between people at a virtual level. The IoT has the potential to add a new dimension to this process 
by enabling communications with and among smart objects, thus leading to the vision of “anytime, 
anywhere, any media, anything communications. The IoT as future continuously global connected 
network will both have major opportunities but also threats. The opportunities will derive from 
‘popular’ demand combined with technology advances that could drive widespread diffusion of the 
IoT that could contribute invaluably to an economic development. I.e. it could mean the next 
economic (industrial) revolution (Atzori et al, 2010). 
 
A threat of the IoT is that to the extent that everyday objects become information security risks the 
IoT could distribute these risks far more widely than the Internet has to date (Atzori et al, 2010). 
Other concerns are the privacy of people as governments, companies and persons will be able to 
continuously track and monitor all movements of a particular sensor whether it is connected to a 
thing or person. Much research and debate is yet to be done on this subject. 
 
2.1.3 Expected effects in general 
The Internet of Things will both have an effect on both domestic and working fields. From the 
perspective of business users, the most apparent consequences will be equally visible in fields such 
as, healthcare, automation and industrial manufacturing, smart environment (home, office or plant) 
supply chain, business/process management, intelligent transportation of people and goods (Atzori 
et al, 2010). Other research concludes that due to rapid advances of in underlying technologies, IoT 
will have tremendous effects for a large number of novel applications that promise to improve the 
quality of our lives (Xia et al, 2015). This will result in the generation of enormous amounts of data 
which have to be stored (Big Data) processed and presented in a seamless, efficient and easily 
interpretable form. Cloud computing can provide the virtual infrastructure for such utility computing 
which integrates monitoring devices, storage devices, analytics tools, visualizations tools and client 
delivery. Smart connectivity with existing networks is an indispensable part of IoT. With the growing 
presence of Wi-Fi and 4G wireless internet access, the evolution towards ubiquitous information and 
communication networks is already evident (Gubbi et al, 2013). 
 
However, for the Internet of Things vision to successfully emerge, the computing paradigm will need 
to go beyond traditional mobile computing scenarios that use smart  phones  and  portables  and 
evolve into connecting everyday existing object and embedding intelligence into  our  environment 
(Gubbi et al, 2013). 
 
2.2  The context: The Maritime industry 
2.2.1 The maritime industry 
Due to the expansion of global trade, technological advancements and continuous  changes  in  the 
world’s geopolitical scenarios, the development of the contemporary maritime shipping industry has 
evolved rapidly. In 1980, the intercontinental shipping freight volume comprised approximately 23% 
of the total world volume. At present, many authors including the IMO (International Maritime 
Organisation) estimate that this shipping freight volume ranges between 77% and 90% of the global 
transport demand (Cashili et al, 2011, Lee et al, 2014, Poulis et al, 2011). The total number of twenty- 
foot equivalent units (TEUs) carried worldwide has increased from 28.7 million in 1990 to 148.9 in 
2008. Similarly, average vessel capacity has grown from 1900 TEUs in 1996 to 2400 TEUs in 2006. 
While in 1996 vessels larger than 500 TEU constituted only 1% of the world’s fleet, in 2001 vessel 
capacity had increased to 12,7% and to 30% by 2006 (Caschili et al, 2011). 
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In this context, the development of the industry has been supported by two main factors. First, is the 
revolution of utilization of containers and technical improvements related to size, speed and design 
of vessels, as well an automation in port operations, which have significantly contributed. Due to this 
development, maritime transport has one of the lowest transport cost per TEU-mile over long 
distances for large quantities of goods. Second reason, which accounts for maritime shipping success 
is the growth of transpacific trade that has been fuelled by the globalization process. With 
globalization of production, shipping has a tremendous impact on global supply chain management 
reflected by the world’s total container ship dead-weight tonnage (Lee et al, 2014). Shipping will 
influence operational performances of multinational corporations and even a country’s foreign trade 
and national economy. 
 
To understand the position of the modern shipping industry, which is generally considered a basic 
industry, is that  it  plays a guiding role in a country’s economic development.  First,  it is based on 
international trade and undertakes transportation of goods around the world and many necessary 
inputs of production rely on imports of raw material and energy transported via shipping. Second, 
other industries will benefit from the shipping industry due to its fine infrastructure and  service 
systems. For example, the shipping related services, such as ship finance, shipping insurance  and 
shipping derivatives, have important contributions to the finance industry and labour market (Lee et 
al, 2014). 
 
2.2.2 Globalization 
As previously described due to globalisation and the role that the maritime industry plays in it has 
resulted in an increased competition for all sectors, thus driving the need for organisation to possess 
capability to innovate. Innovative capability has moved from the existing within the entity of the 
independent organisation to that of collaborative, integrated networks (e.g. global supply chains). 
Organisations need capabilities that nurture collaboration  and  communication  in  order  to  sustain 
their competitive advantage. Information communication technology (ICT) and Internet technologies 
not only have the potential  to  facilitate  inter-organisational  collaboration  and  communication  but 
also offer organisations the potential to disrupt how their industry delivers value across its supply 
chain (Poulis et al, 2011). 
 
Shipping organisations play an integral role in the effective operation  of  global  integrated  supply 
chains. In the globalised environment, shipping companies are driven to innovate by factors including 
increased number of competitors, customers requiring costs savings and improved service as part of 
their order-winning criteria and increased regulatory factors such as safety and security affecting 
business relations. (Poulis et al, 2011). Innovative initiatives within the shipping industry can enhance 
financial results, improve market position, and increase bargaining power 
 
Yet, despite the need for on-going innovation within the maritime industry,  its  relative  rate  has 
slowed and the sectors desire for innovation appears to be relatively low. The uptake of IT 
applications within the freight-shipping sector is deemed to be at an immature state (Marchet et al, 
2009). It relates to two broad factors: 1) lack of awareness and difficulty  in  identifying  potential 
benefits and 2) high levels of fragmentation within the maritime industry inhibiting investment and 
slowing down integration of solutions. The applications of the internet, such as web technologies and 
new e-services, together with mobile and wireless technologies can enable the realisation of benefits 
such as unnecessary traffic flows and eliminating the underutilisation of infrastructure. 
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2.3  Maker Movement (additive manufacturing or 3D printing) 
2.3.1 Maker movement 
The Maker Movement consists of a growing culture of hands-on making, creating, designing and 
innovating. Most important of the Maker Movement is the  do-it-yourself  (DIY)  mind-set.  Which 
brings together individuals around a range of activities, including textile craft, robotics, cooking, 
woodcrafts, electronics, digital fabrication, mechanical repair or creation. In other words, nearly 
anything. Despite the diversity in ideas, concepts and products or the geographical, the movement is 
unified by a shared commitment to open exploration, intrinsic interest and creative ideas, which are 
spreading in a rapid pace. Spreading is mostly by online maker communities, physical maker spaces 
and Maker Fares, which are popping up on a global scale (Peppler and Bender, 2013). President of 
the United States Barack Obama (2009) commented on the movement by saying; “See the promise of 
being makers of things, and not just the consumers of things.” It is argued that orientation towards 
personal fabrication rather than blind consumerism is also  seen  as  the  foundation  for  a  new  and 
more prosperous economy. According to the New York hall of Science (2013) ‘future economic 
development and job creation is dependent  on our ability to innovate and the Maker Movement 
exemplifies the kind of passion and personal motivation that inspires innovation. 
 
However, what makes the Maker Movement such a promising and interesting movement? The great 
opportunity in the new Maker Movement is the ability to be small and global, artisanal and 
innovative, high-tech and low-cost. Creating the sort of products that the world wants but does not 
know yet, because those products do not fit into the mass economics of the old model (Anderson, 
2012). As a result of Internet, inexpensive Computer Aided Design (CAD), access to 3D printers and 
other equipment that are controlled and connected to the Internet, social media online communities 
that share designs and help each other with various question, the Maker Movement is accelerating 
(Waller and Fawcett, 2014). The Maker Movement is heavily dependent on Internet and the 
development to the Internet of Things, which can be described as the networked connection  of 
everyday objects, which are often equipped with ubiquitous intelligence (Feng  et  al,  2012).  This 
makes peer-to-peer interaction possible while also contributing to the creation of a flow of ideas. By 
sharing intellectual capital, the innovations are enriched with other  people’s  knowledge  and 
experiences (Howard et al, 2014). Looking at the development stage in which the Maker Movement 
is currently in it is suggested that it is comparable to the initial stages of creation of the Silicon Valley 
high tech industry (Dougherty, 2013). 
 
2.3.2 Additive manufacturing (3D printing) 
Something that is indissoluble  associated  with  the  Maker  Movement  is  three-dimensional  printing 
(3D printing). 3D printing can be described as an additive manufacturing process where products are 
built (printed) on a layer-by-layer basis, through a series of cross-sectional slices. While 3D printers 
work in a manner similar to traditional laser or inkjet printers, the 3D printer uses powder that is 
slowly built into an image on a layer-to-layer basis. All 3D printers also use 3D computer aided design 
(CAD, digital blueprint) software that measures thousands of cross-sections of each product to 
determine exactly how each layer is to be constructed (Berman, 2012). The 3D machine dispenses a 
thin layer of liquid resin and uses a computer controlled ultraviolet laser to harden each layer in the 
specified cross-section pattern. At the end of the process, excess soft resin is cleaned away through 
use of a chemical bath (Prest et al, 2014). 
 
Recent study shows that 3D printing techniques are developing rapidly, e.g. CLIP (Continuous Liquid 
Interface Production). Additive manufacturing or 3D printing use time consuming, stepwise layer-by- 
layer approaches to object fabrication. CLIP is  the  continuous  generation  of  monolithic  polymeric 
parts up to tens of centimetres in size with feature resolution below 100 micrometres (Tumbleston et 
al, 2015). Even though a bit technical but the most important aspect of CLIP is that solid parts can be 
drawn out of resin which allows parts to be produced in minutes instead of hours and where the 
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reliability due to objects as a whole rather than layer by layer melting is larger. The ability to share 
designs and then collaborate with other inventors online will shorten the prototype development 
process. In addition, the inventor can also be the entrepreneur because the Internet  allows  the 
inventor to go to the market much more inexpensively. This will result in more products coming to 
the market more quickly (Waller and Fawcett, 2014). 
 
Even though the concept of 3D printing has been around since the 1980s, it was only recently that 
the technology turned into a reality and became available on a mass scale. This revolutionary 
technology makes it possible for anyone to create products or parts of products using metals, plastic, 
glass, mixed materials and even human tissue (Thiesse et al, 2015). According to Ed Morris (director 
of National Additive Manufacturing Innovation Institute, NAMI) additive manufacturing will 
democratize the manufacturing process. It will enable manufacturers to “print” on demand, which 
will shorten the supply chain by making it unnecessary to have large quantities of finished products 
stacked in warehouse. 
 
2.3.3 Disruptive technology 
3D printing (or additive manufacturing) has been compared to such disruptive technologies as digital 
books and music downloads that enable consumers to order their selections online, allow firms to 
profitably serve small market segments and enable companies to operate with little or  no  unsold 
finished unsold goods inventory (Berman, 2012). Additive manufacturing could  revolutionize 
production processes and have far-reaching future implications for product supply chains due to 
localization of  production  and  further  improvement  of  supply  chain  efficiencies  by  reducing  waste 
and enabling just-in-time manufacturing (Prest et al 2014). The implication of 3D  printing  for  the 
logistics industry has  potential upside disruptive implications.  Third party logistics  providers of the 
future will deliver raw materials instead of finished products and may even  provide  3D  printing 
services at the point of delivery, which will be an additional source of revenue (Robinson,  2015). 
However, there is not a clear alignment between experts and analysts on the one side and business 
executives on the other side. The latter are not yet convinced it will have a significant impact on 
supply chain on the near to medium term. 
 
Even though disruptive technology initially underperforms established ones in serving  the 
mainstream market, they eventually displace the established technologies (Danneels (2004). Initially, 
disruptive technologies do not satisfy the minimum requirement along the performance metric most 
valued by customers in the mainstream segment and  thus  are  considered  inappropriate  by 
incumbents in the mainstream market for satisfying the needs  of  their  customers.  The  products 
based on the disruptive technology initially only satisfy a niche market segment. Over time, Research 
and Development (R&D) investments are made and the technology matures, the performance 
supplied by the disruptive technology improves to the point where it also can satisfy requirements of 
the mainstream market. The high expectations regarding the future impact of 3D printing as a 
disruptive technology are based on some traditional forms of goods production. Manufacturing 
systems in general can be distinguished along two major dimensions: (1) flexibility and (2) efficiency 
(Thiesse et al, 2015). Efficient manufacturing processes are usually established  by  means  of 
standardized designs and processes in collaboration with a high degree of automation. Efficiency may 
be expressed by a variety of performance indicators lead-time and variable cost. Flexibility refers to 
organizational abilities related to either the manufacturing process (e.g. reacting quickly to demand 
changes) or its outcome (e.g. offering a broad range of product variants). A trade off exists between 
both dimensions, which make it practically impossible to achieve maximum flexibility and maximum 
efficiency simultaneously. Additive manufacturing opens opportunities for manufacturing companies 
in three regards (1) 0ffers the option to generate objects that seem impossible with other 
techniques; (2) can be used as an automation technology, which substitutes human labour; (3) allows 
for cost efficient switching from traditional mass production to mass customization. 
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Adoption of technology-based innovations in what seems to be a non-fitting sector for such 
innovation is not always easy, straightforward task to achieve ate the intra organisational level. 
Research may have noted the clearly identifiable benefits that a firm achieves  in  high  technology 
sectors, which by default lend themselves to technology driven innovative practices. However, this is 
not necessarily the case in non-high technology environments such as shipping. The challenges of 
adopting IT tools in the maritime sector are quite high and this is amplified by the increased 
probability of exiting the market whenever a firm fail to keep pace with technology-driven changes in 
its industry environment. 
 
2.4  Supply chain 
2.4.1 Supply chain and Internet of Things 
Logistics companies were among the first to adopt mobile devices as a means  to  manage  and 
monitor their processes. Initially the hand held devices that delivery drivers used provided benefits 
primarily by simplifying and automating existing paper-based processes.  With  the  emergence  of 
lower cost, always connected, location aware devices, current generation of mobile technology and 
the growing IoT allows logistics companies to move beyond simply making existing processes better. 
From a supply chain perspective this means efficiencies and productivity, including just-in-time 
operations, are severely impacted. Smart transportation and smart logistics will allow dynamic traffic 
information will affect freight movement, allow better planning and improved scheduling (Gubbi et 
al, 2013). A 30-fold increase in Internet connected physical devices (by 2020) will significantly alter 
supply chain leader information access and cyber-risk exposure as the future explosion in  the 
number of intelligent devices creates a rich network of information that allows supply chains to 
assemble and communicate in new ways (Van Riel et al 2011, Eddy 2014). 
 
The IoT is forecast to reach 26 billion installed units (by 2020), up from 0.9 billion just five years ago, 
and will affect the information available to supply chain leaders and how the supply chain operates. 
This is based on the use of sensors (RFID, Radio Frequency Identification and NFC, Near Field 
Communication) (Zou et al, 2015), and can realize real time monitoring of almost every link of the 
supply chain, ranging from commodity design, raw material purchasing, production, transportation, 
storage, distribution and sale of products, returns processing and  after-sales  service  (Atzori  et  al, 
2010). 
 
In relation to (additive) manufacturing, the expectation is that the IoT intelligent systems will enable 
rapid manufacturing of new products and dynamic response to product demands and real time 
optimization of manufacturing production and supply chain networks by networking machinery 
sensors and control systems together. Digital control systems to automate process controls, operator 
tools and service information systems to optimize plant safety and security are within the purview of 
the IoT. It also extends itself to asset management via predictive maintenance, statistical evaluation 
and measurements to maximize reliability.  From  a  customer  perspective  using  additive 
manufacturing enables a flexible work environment because any object could be printed at any time. 
For the end user it is likely to result in less down time when in need of a spare part. Currently, a spare 
part need to be ordered but with additive manufacturing the needed spare part can be  printed 
instantly. However, the technology also needs to be efficient to enable operational flexibility (Thiesse 
et al, 2015). For the customer the costs of current downtime need to be higher than costs of printing 
an object before additive manufacturing has a chance of being adopted. 
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2.4.2 Supply chain and additive manufacturing 
3D printing has the potential to affect various parts of the supply chain in different ways. On the one 
hand, by a consumer who downloads a design and prints a product or has it printed by a third party. 
A component supplier can also choose to print highly customized parts. Both options pose different 
implications for supply chain management. For the consumer printing a final product, it allows for 
the ultimate postponement and customization. For the supplier,  printing  highly  customized  parts, 
allow for fast cycle continuous improvement based in feedback from customers (Waller et al, 2014). 
In comparison to mass customization, it requires a high degree of supply chain integration to ensure 
that the right parts are available in the right quantities at the right times (Berman, 2012). 3D printing 
on the other hand uses readily available supplies that can be purchased from small  number  of 
vendors. In other words, inventory management can be more transparent, easier to apply and needs 
less on hand inventory to meet the same requirements (right part, right quantity, and right time). 
 
With the heightened number of CAD applications, availability of high quality materials and  lower 
material costs will result in a larger number of home and professional quality 3D printers. It is to be 
expected that many professionals and organizations choose to jointly purchase 3D printers to reduce 
their investment costs and serve consumers (Berman, 2012). In the long term, the range of industrial 
3D printing applications will skyrocket, as new 3D printers are able to accommodate larger products 
and achieve greater levels of precision. It is likely to assume that the will be a significant decline in 
material and machinery cost as more individuals and firms adopts this technology (Waller et al 2014, 
Howard et al, 2014). From a business perspective, it has the potential to improve operational 
processes, improve efficiency, improve quality, increase revenue, reduce costs and reduce risks. 
 
A new technology such as additive manufacturing (3D printing) is according to research (Waller and 
Fawcett 2013-2014, Atzori et al 2010, Tan 2015, Zou et al 2015, Marchet et al, 20109) likely to have 
significant impact on improvement of customer response times. Other proposed effects are shorter 
time-to-market for new products (development cycles), (lower) inventory, (more accurate) 
forecasting, (ultimate) postponement and customization, transportation,  warehousing,  improve 
decision making process (agility) and full supply chain visibility (transparency). Supply chain leaders 
need to adapt to their external environment and must design their processes to operate in this digital 
business world to sustain their current activities and grow into  the  future  (Poulis  et  al  2011,  Tan 
2015). This includes the fulfilling the new expectations of customers and the volatile demands that 
digital marketing will create. 
 
A future supply chain could meet those expectations by converging people, business and things in a 
digital value network and incorporating fast-emerging capabilities such as IoT, smart machines and 
devices and 3D printing into its organizational design strategy (O’ Sullivan& Dooley 2008, Eddy 2015). 
A 3D printing environment where consumers interact directly with producers (extremely short supply 
chain) will bring two critical changes to the traditional distributed supply chain (Petrick et al 2013). 
First, because manufacturing no longer needs to be centralized for high-volume production, low cost 
sourcing of suppliers no longer makes economic sense. This will result in the localization of both 
production and sourcing and further economies of scale, which is transformed into economies of one 
(Petrick et al 2013, Pisano et al 2013). Inventory and shipping that now happens in warehouse and 
large-scale containers will be replaced by smaller-scale shipping methods. Second, the largest shift in 
distribution may be the rise of printer hubs that directly support prosumer needs. E.g. a 3D printing 
services company, allows clients to post or access designs, modify them and upload them to the site 
via the Internet. This organisation feeds these digital files into their 3D  printers  to  produce  the 
desired object. 
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2.5  Acceptance and use of technology 
2.5.1 Technology acceptance model (TAM) 
The technology acceptance model (TAM) was first introduced by Davis et al  (1989)  specifically 
tailored for modelling user acceptance of information systems. The goals of TAM are to provide an 
explanation of the determinants of computer acceptance that is general, capable of explaining user 
behaviour across a broad range of end-user computing technologies and user populations, while at 
the same time being both parsimonious and theoretically justified (Venkatesh et al, 2003). Ideally, 
one would like a model that is helpful not only for prediction but also for explanation, so that 
researchers and practitioners can identify why a particular system may be unacceptable, and pursue 
appropriate corrective steps. A key purpose of TAM, therefore, is to provide a basis for tracing the 
impact of external factors on internal beliefs, attitudes and intentions. TAM  was formulated in an 
attempt to achieve these goals by identifying a small number of fundamental variables suggested by 
previous research dealing with the cognitive and affective determinants of computer acceptance and 
using TRA (Theory of reasoned Action) as a theoretical backdrop for modelling the theoretical 
relationships among these variables. TAM posits that two particular beliefs, perceived usefulness and 
perceived ease of use, are of primary relevance for computer acceptance behaviours. Perceived 
usefulness (U) is defined as the prospective user’s subjective probability that using a specific 
application system will increase his or her job performance within an organizational context. 
Perceived ease of use (EOU) refers to the degree to which the prospective user expects the target 
system to there to be linked to attitudes and usage. In addition, factor analyses suggest that U and 
EOU are statistically distinct dimension. 
 
2.5.2 Theory of reasoned action (TRA) 
The theory of reasoned action (TRA) is a widely studied model developed by Fishbein and Ajzen in 
1980 from social psychology, which is concerned with the determinants of  consciously  intended 
human behaviour (Venkatesh et al, 2003). According to TRA, a person’s performance of a specified 
behaviour is determined by his or her behavioural intention (BI) to perform the behaviour and BI is 
jointly determined by the person’s attitude (A) and subjective norm (SN) concerning the behaviour in 
question. In other words, the model will predict the performance of any voluntary act, unless intent 
changes prior to performance or unless the  intention  measure  does  not  correspond  to  the 
behavioural criterion in terms of action, target, context, period and/or  specificity  (Sheppard  et  al, 
1988). 
 
2.5.3 User Acceptance and use of technology (UTAUT) 
Venkatesh et al (2003) developed a unified model, which that brings together alternative views on 
user and innovation acceptance. The unified theory of acceptance of technology (UTAUT) suggests 
that four core constructs (performance expectancy, effort expectancy, social influence, facilitating 
conditions) are direct  determinant  of behavioural intention and ultimately behaviour  and that the 
constructs are in turn moderated by gender, age, experience and voluntariness of use. It is argued 
that by examining the presence of each constructs in a ‘real world’ environment, researchers and 
practitioners will be able to assess an individual’s intention to use a specific system, thus allowing for 
the identification of the key influences on acceptance in any given context (Williams et al, 2015). 
 
On the one hand, often because of organisational  inertia,  managers  tend  to  avoid  or  neglect  the 
much needed change and/or adoption of innovations, which require  ‘non-welcomed’  change  in 
terms of, for example, organisational processes and routines. Therefore, they fail to develop 
capabilities beyond their current expertise, which are increasingly important especially in dynamic 
environments. On the other hand,  researchers have demonstrated the benefits for firms adopting 
innovations that help them fit with environmental contingencies and help  them  generate  value 
(Poulis et al, 2011). 
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2.6  Conceptual framework 
Based on literature research on modern maritime industry, the maker movement (additive 
manufacturing, 3D printing), supply chain, disruptive technology, and technology acceptance (which 
hold several constructs) the following conceptual model can be identified. The model is based on the 
theory of acceptance and use of technology (UTAUT).  Propositions  are  formulated  to  show 
quantitative data even though from an explorative perspective the qualitative data is the considered 
to be key for this study. 
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Figure: Conceptual framework based on technology acceptance of 3D printing in the maritime industry 
 
2.6.1 Technology acceptance variables that influences the intention to use 3D printing 
Technology acceptance / Utilization 
The utilization variables derived from the technology acceptance model consist of the performance 
expectancy and the effort expectancy (Venkatesh et al, 2003). According to Davis et al (1989) the 
performance expectancy can also be formulated as the perceived usefulness. This can be described 
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as the degree to which a person believes that 3D printing (or additive manufacturing) can enhance or 
be beneficial in his or her daily task in their organization. The effort expectancy can be described as 
the perceived ease of use. This can be defined as the degree to which a person believes 3D printing 
(or additive manufacturing) in his or her organization would be free of effort. Both items combined 
are likely to influence the behavioural intention, for an organization or person in the  maritime 
industry, to actually use the technology of 3D printing. 
 
P1 – Performance expectancy and effort expectancy support the intention to use additive 
manufacturing in the maritime industry. 
 
Reasoned action / Support 
The social variables are derived from the theory of reasoned action and consists of the  social 
influence by the environment to which an organization or person is subjected to. This variable can be 
separated into two items. First item are the beliefs and evaluations (Fishbein and Ajzen 1975 and 
Davis et al 1989) which can be described as the individual’s internalization of the reference group’s 
subjective culture and specific interpersonal agreements that the individual has made with others in 
specific social situations. The second item are the normative beliefs and motivation which can be 
described as the degree to which an organization or individual perceives  that  important  others 
believe he or she should use the new technology. The second variable is the facilitating conditions 
(Venkatesh et al 2003) which can be described as the degree to which an organization or individual 
believes that an organisational and technical infrastructure exists to support use of the emerging 
technology. Combined these two variables are likely to have an influence on the behavioural 
intention to use 3D printing in the maritime industry. 
 
P2 – Social influence and facilitating conditions support the intention to use additive manufacturing 
in the maritime industry. 
 
2.6.2 Maritime characteristics that influence the intention to use 3D printing 
Maritime industry characteristics 
The maritime industry, when compared to other large and global industries, can be characterized as 
an immature industry when it comes to the usage or adopting of new technologies. Research shows 
that there are two reasons why. First, is the lack of awareness of new emerging technologies from 
which the industry can benefit. Not only the handling of cargo when in port but also the supply chain 
behind it. Root cause is the level of fragmentation and high number of stakeholders, which do not or 
almost not communicate or exchange information. Due to lack of awareness, it slows down the 
integration of solutions and possible innovation.  Companies  separately  and  the  industry  as  whole 
have difficulty in identifying potential benefits to increase efficiency and effectiveness. The second 
characteristic is the non-high level of use of technology. Non-high means slowly adjusting to rapidly 
innovating and developing technologies (Marched et al, 2009). I.e. the use of highly automated 
container handling terminals in the port of Rotterdam is only administered in the past recent years. 
These two items are expected to negatively affect the relationship between the utilization variables 
(perceived usefulness and perceived ease of use  derived  from  the  technology  acceptance  model 
from Davis et al, 1989) and the intention to incorporate and use additive manufacturing in  the 
maritime industry. These characteristics are also expected to negatively moderate the relationship 
between the social variables from the theory of reasoned action (derived from Fishbein and Ajzen 
1975, Davis et al 1989) and the intention use additive manufacturing in the maritime industry. 
 
P3 – Maritime industry characteristics will support the intention to use additive manufacturing in the 
maritime  industry. 
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3 Methodology 
 
 
3.1  Research design 
Due to the innovative nature of the combination of variables as explored in the literature research 
like the Maker Movement, Internet of Things and Supply Chain elements in combination with 
technology development of additive manufacturing and acceptance of this emerging technology in 
the maritime industry in general, the most logic design of this study is an explorative research. As 
there is no (or little) research done on this subject this study aims to explore and contribute to the 
existing body of knowledge regarding these matters. This leads to an embedded single case design, 
which incorporates multiple levels (units) of analysis within a single case study  (Yin,  2013).  The 
method of reasoning in the design is based on induction, which means that observations from the 
research will result in observations, which will approve or reject the central research question. 
 
The boundaries of the subject to be researched are not evident at the starting point of the research 
and no experimental control or manipulation is used, which is characteristic for a case study design 
(Benbasat et al, 1987). Even though the a priori knowledge of the context of this study is limited due 
to the innovative character of certain variables derived from literature, boundaries within the supply 
chain of the maritime industry must be set to limit the scope. By exploring within a certain 
framework, the results are likely to have more focus and direction, as there were no boundaries at 
all. The period in which this research is done is also limited to approximately 600 hours. In reality, 
this means that the research is conducted within nine months started in August 2015 and ended in 
April 2016. 
 
3.2  Data collection 
A case study examines a phenomenon in its natural setting (possibly) employing different methods to 
gather information from one or a few entities (people, groups, or organizations) (Yin 2013, Benbasat 
et al, 1987). As described this study is based on a single case design. The unit of analysis is based on 
the latter part of the supply chain for printable marine spares. I.e. the part  of  the  supply  chain 
between the ship supplier and end user (customer). The empirical data is collected from nine 
stakeholders which are divided into three groups (manufacturer of 3D printing devices, supplier of 
maritime spare parts and shipping companies). These experts are using  or  working  with  marine 
spares on a daily basis. Printable marine spares in this context  can  be  described  as  rather  small 
objects that are essential for operational use and are necessary to be replaced within a short amount 
of time to prevent major costs due to delay. Due to the  innovative  and  emerging  nature  of  this 
subject, the most suitable method to explore and understand the empirical dynamics is to collect 
qualitative data. In reality, it leads to conduct and process semi-structured interviews based on 
constructs of the unified theory of acceptance of technology. Items derived from this theory are used 
to extract data to measure specific variables within the context of additive manufacturing (3D 
printing) and the maritime industry. The literature collected earlier and public documentation from 
the companies will complete the data set to analyse and validate the propositions. 
 
3.3  Operationalizatio
n 
Operationalization can be described as translating a definition  into  measurable  characteristics.  In 
other words, the mentioned variables derived from literature research in the propositions  can 
actually be  measured in  an accurate  manner. In this exploratory  embedded single  case study, the 
independent variables (utilization and social) and moderating variables (low level of awareness and 
low-level of technology) are transformed in to items which are derived from the UTAUT (Venkatesh 
et al, 2003). These items can be found in the following table. 
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Construct Literature Definition 
Independent  variables 
Technology acceptance / Utilization 
Performance 
expectancy  (Perceived  
usefulness) 
Davis et al, 1989 The degree to which a person believes that 
using 3D printing would enhance his or her 
job performance 
Effort expectancy 
(Perceived ease of use) 
Davis et al, 1989 The degree to which a person believes that 
using 3D printing would be free of effort. 
Reasoned action / Support 
Social influence Davis et al, 1989  
Fishbein and Ajzen, 1975 
The degree to which an individual perceives 
that important others believe he or she 
should use 3D printing 
Facilitating  conditions Davis et al, 1989 
Fishbein and Ajzen 1975 
The degree to which an individual believes 
that an organisational and technical 
infrastructure exists to support use of 3D 
printing 
Moderating  variables 
Industry  Characteristics 
Level of awareness Marchet et al, 2009 The degree to which an individual has 
knowledge or experience of an innovation 
(product/service, process, market or 
business model). 
Level of utilizing 
technology 
Marchet et al, 2009 The degree to which an organisation or 
industry is using technology to support its 
business  processes. 
Level of fragmentation Marchet et al, 2009 The degree to which to which an 
organisation or industry is fragmented in 
separate entities or operational fields. 
Dependent  variable 
Behavioural  intention Davis et al, 1989  
Fishbein and Ajzen, 1975 
An individual positive or negative feelings 
about performing the target behaviour 
 
Table 1: Overview of sources regarding technology acceptance 
 
 
3.4  Data-analysis 
To create order in the collected data, there are multiple tools and techniques to develop a clear and 
accessible oversight. The ease of a funnelling method, which is data put into a matrix, is that it leads 
to structured and chronological order in the collected data. In this particular research, first the 
literature is clustered into subjects and within each subject combined in a synergetic way. It has led 
to the conceptual framework based on the theory of acceptance of technology. Three propositions 
are formulated in the conceptual framework, which contains several variables per cluster, and used 
to design the multiple items in a data matrix. 
 
Secondly, in addition to the literature research interviews with stakeholders have been conducted. A 
number of nine interviews  were  conducted  with  stakeholders  varying  from  3D  printer 
manufacturers, ship suppliers and end user (customers). The response can be described as empirical 
qualitative data and is transformed into separate matrixes per interview, which are coded into 
measurable constructs to conduct tangible analysis. The processed data can be found in the 
appendices of this report. 
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Third, the examination of company documents (public information derived from ten organisations) 
have contributed to give the general overview of qualitative data collected from literature and 
interviews more body. These company documents from organisations active in the maritime industry 
and in additive manufacturing are coded and combined in one matrix in a similar manner as the 
interviews. The combined matrix of the public documentation can be found in the attachments of 
this report. 
 
I.e., the triangulation of methods, which comprises of collecting data from separate sources, is 
transformed into a total matrix, which is presented in chapter 4. It enables a clear oversight of all the 
significant qualitative data. This provides a strong  foundation  to  analyse  the  qualitative  data  and 
from where the propositions by pattern matching process can support the conclusions. All the 
qualitative data combined lead to an objective explorative analysis and can be used to discuss the 
results, draw conclusions and answer the main research question. 
 
3.5  Methodological issues 
Methodological issues refer to subjects that could compromise or weaken the results of the research. 
Internal validity is one of the issues that needs to be addressed to make sure that the items that are 
measured actually represent the matters that are intended to be measured.  In  this  exploratory 
design, where no or very little research on this subject is conducted, a case study with qualitative 
data is the most suitable method of research. To make sure the research has a strong internal validity 
it is  based on the theory of acceptance of  technology, which contains items that are validated in 
previous research. By using these validated items, the combination of 3D printing in the maritime 
industry and the possible impact on the supply chain, measure what is intended to be measured. A 
second issue is the external validity, which covers the extent to which the results are  able  to  be 
projected in other contexts than used in this research. The data collection  is  (partially)  based  on 
existing literature, theory and validated methods of research, which leads to a reliable result. The 
fixed variables of 3D printing and supply chain can be used when the context (maritime industry) is 
altered to a different setting. By using the embedded single case study design in the context of the 
maritime industry replication does not need to be addressed. Literal and theoretical replication are 
especially meant for multiple case studies. Literal replication means that the cases are similar and the 
predicted results too. Theoretical replication means that the cases are  similar  and  the  predicted 
results are contra dictionary. Self-selection in an exploratory research could also be an obvious pitfall 
however, this is avoided by using the embedded single case design. In this design, multiple 
perspectives of stakeholders in the maritime industry on 3D printing and supply chain are explored to 
make sure the data sourcing is spread. 
 
For a researcher, subjective interpretation of the collected data is an obvious pitfall. First, the 
reviewed literature is part of the existing body of knowledge regarding the studied subjects and 
validated in empirical research. Second, the interviews are processed into written transcripts. The 
interviewees have had the chance to reed back on the  transcript  of  their  interview  to  avoid  the 
wrong interpretation. Their feedback is processed in their written transcript. Third and final, the 
company documentation is obviously subjective as it is the way a company sees itself, their 
environment and how it will act on it by displaying a certain strategy. However, by comparing and 
using it to verify the findings of the collected data in the literature review and the personal 
interviews it supports the triangulation method to rule out subjectivity. The subjective influence of 
the researcher is an issue that needs to be addressed as well. As the stakeholders are all in a decision-
making role and they differ in age, education, employer, interests et cetera the influence of the 
researcher is limited to none. There are no professional relationships, personal relationships or 
mutual interests, which could also weaken the position of the independent researcher. All above 
addressed methodological issues combined contribute to the reliability of this study. It is aimed to 
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not only mention the issues but also actually avoid all that can weaken the methodology or results of 
the research. 
 
3.6  Expectations and insights 
In the analysis, pattern matching of the expected outcome and actual empirical results was an 
important step in this process because it shows which steps are followed to come to the proposed 
results. By following the classic path  of  adopting  or  not  adopting  propositions,  the  correct 
conclusions were drawn. In the last phase, the discussion challenges these conclusions to be correct 
and shows that there are still a number of constraint, which need to be overcome before the actual 
use of 3D printing in the maritime industry is feasible. 
 
The expectations regarding this study were a bit sceptic at first. Root cause was the combination of a 
presumed conservative maritime industry and the unfamiliarity with 3D printing. Several parts of the 
study have led to a very promising research in which only the tip of the iceberg can be uncovered. 3D 
printing is still a relatively new technology of which many are unaware of the possibilities. From a 
literature point of view, little to none research has been done on the combination of additive 
manufacturing within the maritime industry. Let alone the possible effects on  supply  of  printable 
marine spares. The results  clearly show new theory and  scientific relevance, which  adds empirical 
data to the existing body of knowledge. 
 
Important insights in the research process are regarding fact checking and consulting empirical 
opinions, even though subjective, which proves to the best manner to find reliable results. The 
maritime industry is perceived as a fragmented industry, which is perceived to not always assist in 
collecting the right and complete information as many stakeholders and interests play a  role. 
Another valuable insight is the true business opportunities or threats additive manufacturing 
possesses for many organisations within the maritime industry  and  beyond.  In  the  process  of  the 
study only a glimpse of the economic power and passion of professionals has been captured however 
this combination is likely to carry 3D printing to the next level in a very high pace. 
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4 Results 
 
 
The results of this research are, as earlier mentioned, derived from three sources namely extensive 
literature review, public documents of researched companies and interviews conducted with 
stakeholders (a 3D printer manufacturer, a supplier of ship supplies and end users) in the maritime 
industry. These three separate groups of stakeholders are used to diversify the results in detail and 
enables coding of qualitative information. The triangulation of data form a solid basis to generate 
results, which provides an answer to the main research question. In the first paragraph, two tables 
are shown to generate a clear overview on the documentation and interviews, which are used to 
gather empirical data. The interviews were processed into a written transcript which were sent back 
to the interviewee to check for anomalies and approval. In only one (n=1) transcript remarks were 
made on the transcript which was adjusted and sent again for approval. This makes sure the 
qualitative data is objective, clean and reliable. The third paragraph shows the qualitative data of this 
explorative research as this is the most important empirical source of information. The fourth and 
fifth paragraphs show the proposition support and pattern matching process. 
 
4.1  Overview of documents and interviewees 
The following tables show an overview of public documents (n=10) that were retrieved and coded for 
analytic purposes (Appendix B and C). These documents are of several different organisations and 
can be divided into the three stakeholder groups of manufacturer, supplier and end user. The 
manufacturer group consists of documents of two organisations (n=2). The supplier group consists of 
one organisation (n=1), which can be considered as the market leader in ship supplying. The largest 
group of documents is in the end user group which consists of seven different organisations (n=7). 
The second table shows an overview of conducted interviews (n=9).  As these results are considered 
to be the key data of this study it is important to show who were interviews, what their function is, 
what kind of educational back ground they have and in which stakeholder group they can be placed. 
In appendix A and B is more detailed information regarding the conducted interviews. The interviews 
were semi structured and based on a validated question list that is derived from the unified theory of 
acceptance of technology (UTAUT). This question list can be found in appendix D. The interviews in 
the manufacturer group consists of two interviews (n=2) with individuals of different organisations. 
The supplier group consists of three interviews (n=3) with professionals from the same organisation. 
The end user group consists of four interviews (n=4) with individuals from two organisations. 
 
Documentation 
 Stakeholder group 
n Organization Type Manufacturer Supplier End user 
1 Container shipping company Annual report   X 
2 Heavy lift shipping company Quality Management memo   X 
3 Dredging company 1 Annual report   X 
4 Dredging company 2 Annual report   X 
5 Oil and Gas company Public document   X 
6 Dry cargo shipping company Public document   X 
7 Shipping and transport company Public document   X 
8 Ship supplier company Annual report  X  
9 Manufacturer 3D printers Article X   
10 Software supplier 3D printing Public document X   
Total 2 1 7 
 
Table 2: Overview of documentation 
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Interviewees 
 Stakeholder group 
n Date Function Age Education Manufacturer Supplier End user 
 
1 
 
16-01-2016 
 
Marine Engineer 
 
65 
Technical 
Engineer 
   
X 
 
 
2 
 
 
28-01-2016 
 
Vice President Marine 
Products 
 
 
48 
Commercial, 
Quality 
Management 
  
 
X 
 
 
3 
 
29-01-2016 
 
Mechanical Engineer 
 
43 
Technical 
Engineer 
 
X 
  
4 24-02-2016 Commercial Manager 42 Engineer X   
 
5 
 
02-02-2016 
 
Marine Engineer 
 
60 
Technical 
Engineer 
   
X 
 
6 
 
03-03-2016 
Sales Manager Benelux & 
Swiss 
 
48 
 
Commercial 
  
X 
 
 
7 
 
03-03-2016 
 
Purchaser 
 
29 
Economics & 
Logistics 
   
X 
 
8 
 
16-03-2016 
Service Manager Benelux & 
Swiss 
 
37 
Technical 
Engineer 
  
X 
 
 
9 
 
29-03-2016 
 
Project leader 3D Printing 
 
40 
 
Civil Engineer 
   
X 
Total 2 3 4 
 
Table 3: Overview of interviewees 
 
 
4.2  Qualitative data 
4.2.1 Technology acceptance 
4.2.1.1 Performance  expectancy 
The response of a manufacturer of 3D printers show that the technology of additive manufacturing is 
advantageous over delivering a finished product via a regular supply chain when considering an 
operational point of view. Especially when an operating vessel has come to a halt and needs to wait 
for spare parts to be delivered via supply chain.  Even though additive manufacturing consumes a 
relatively long time to produce a single object (in comparison to mass production), it is still perceived 
as more effective then mass production and supply chain.  Quote:  “3D  printing  is  regarded  to  be 
faster and easier which leads to higher productivity and can reduce waiting time for essential marine 
spares.” The current technology of additive manufacturing shows limitations on applicability in the 
maritime industry. As industrial metal printers are currently rather large it can be  questioned 
whether it can be placed on board a vessel due to its dimensions. Quote: “Certain laws of physics 
such as gravity also limits the technology.”  The technology of additive manufacturing needs to be 
executed on a stable and absolute horizontal platform to produce a finished product of the highest 
quality. Especially metal spare parts, which are likely to be used in a mechanical environment need to 
be of certain quality standards. 
 
The supplier of spare parts for the maritime industry considers additive manufacturing a viable 
substitute for common mass production from a performance point of  view.  Quote:  “The  time  a 
supply chain needs to deliver a product to a vessel is likely  to  be  surpassed  by  additive 
manufacturing.” This could make 3D printing an effective technology to enable the supplier’s 
customer to be more effective and more productive. The supplier is aligned with the view of the 
manufacturer that the quality of the object needs to be of the  highest  standards  to  be  able  to 
operate in a mechanical environment. If not, the performance of the customer can  be  severely 
reduced to a point that the technology will be regarded as inefficient for operational use. 
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The end users are overall positive regarding the perceived performance of 3D printing technology in 
the maritime industry however, it needs to be able to deliver finished products, which are similar in 
quality of products that are manufactured via mass production. Quote: “The quality of the spare part 
is of the most crucial significance as it can determine whether a mechanical environment can stay 
operational.” The time additive manufacturing consumes is likely to be shorter that than requesting 
spare parts need to be delivered to the supply chain. Especially when a vessel is situated in a remote 
location it can take up to two weeks before a spare part is delivered to the vessel. Additive 
manufacturing is regarded to be faster which can result in reducing the time loosing operational 
performance. The end user questions whether a 3D printer is applicable on board a vessel due to the 
sheer dimensions of the printer. Currently 3D printers, which are able to print industrial quality, are 
very large so the printers need to be developed to a smaller size without making concessions to the 
quality of the  end  product. E.g. for a  long-term dredging  project, it could  be  more  effective  and 
efficient to have a mechanical workshop on shore with available space in abundance which supports 
multiple vessels. This would also support the operational time  of  additive  manufacturing,  which 
would make the technology more effective and efficient. 
 
 
4.2.1.2 Effort  expectancy 
The manufacturer expects that in general the maritime industry will have a hard time adjusting to 
additive manufacturing not only by accepting the technology but “….it also requires another way of 
thinking.” Instead of casting or cutting away material one needs to think the other way around such 
as building from the ground up and considering strength and weight issues at the same time. I.e. 
additive manufacturing allows for optimization of the design. The root cause of this perspective is 
that additive manufacturing printing is a very specific process, which needs special trained personnel 
to operate the technology and create high quality object. Not only the software has a specific nature, 
but also the hardware. The after care of the printed object needs specific handling of an educated 
person. Learning to operate the technology in all its facets is not believed to be easy and effortless 
and experience in printing an object is a necessity. Additive manufacturing is also expected to be 
flexible to work with once there is a specialized operator, because it is likely to be used on demand 
and at any given time. This flexibility is thought to be the main benefit of additive manufacturing 
however it comes with a remark. Printing a small item on random base is economically seen not very 
efficient, as every printing session is very expensive. In order to make the technology more efficient, 
multiple or larger objects need to be printed in one session to use the full capacity of the printer. To 
ensure full use of the capacity and operating time of the expensive printer a strategically land based 
workshop on a wharf (maintenance location) or specifically set up for large (dredging)  projects  is 
advised. This way the printer is believed to be used at full capacity and working efficiently. 
 
The supplier has confidence in the maritime industry that over time it will be able to incorporate 
additive manufacturing effortless into its operating process due to common understanding of the 
technology. There are however some remarks that are made to make it feasible. First is the necessity 
to bring in a specialized operator. Quote: “This specialist must have the knowledge and the skills to 
flexibly create objects on demand, which are of the requested operating quality.” The operator need 
to be added to  the crew of a vessel or need to  be stationed in a  strategic location where it can 
provide objects for multiple end users. Second remark is that the designs of the objects, which need 
to be printed, are located at the manufacturer (for mass production purposes). It is considered a 
challenge to obtain the digital designs, which the maritime industry needs for 3D printing purposes. 
Especially when the designs for spare parts are intellectual property, it can prove to be challenge. On 
the other hand, the maritime industry has the opportunity to create designs of object in partnership, 
which can be beneficial for both parties while skipping all the stakeholders involved in the current 
supply chain. 
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The end user concurs with the supplier that regarding effort the use of additive manufacturing 
technology is not likely to be easy. Quote: “Using 3D printing technology with several steps in the 
process is not something that can be learned by anyone.” An operator needs to be specifically trained 
or a specific additional mechanical operator needs to be added to the crew to make sure the finished 
object is of the desired quality. The end user also is of the opinion that the technology is currently a 
too difficult process for a regular mechanical engineer to master. When 3D printing technology will 
develop into a more user-friendly option, it can grow into a side task next to the assigned tasks of 
member of the crew. This is however bound by the development of the additive manufacturing 
technology and ease of use of the printer itself. 
 
4.2.2 Reasoned action 
4.2.2.1 Social influence 
According to the manufacturer, the social influence is currently growing very strong and the 
technology is still in its early stages to be feasible in an industry such as the maritime industry. In 
time, when a larger professional public will discover (benefits of) the technology of 3D metal printing 
more, the social influence to use additive manufacturing will grow as well. The manufacturer of 3D 
printers and the technology that  is used is being  developed  rapidly  and  the  industrial  use  will be 
more common to several industries. Quote: “As decision makers and professionals in the maritime 
industry will learn of the possible benefits they are likely to be more influenced by experiences from 
other industries and are more likely to research whether practical application of the technology can 
be economically viable.” Another comment from the perspective of the manufacturer is a partnership 
between different companies working in separate industries. Via this method of operation, the 
technology can be explored and utilized efficiently before a company in the maritime industry can 
experience the benefits or limitations without taking the risk of investing capital in a non-profitable 
technical innovation. The social influence of this endeavour enables assistance in implementing the 
technology in segments of the maritime industry. 
 
The supplier of spare parts acknowledges that the maritime industry is currently behind on the 
application of innovative technology, digitalization and automation. As the supplier of spare parts 
positions itself as shaper of the maritime industry, the organisation is developing ideas, which could 
be applicable and provides benefits for the  maritime  industry.  Shaping  however  signifies  defining 
what the maritime industry needs. When the technology of additive manufacturing of essential spare 
parts proves to be applicable in an economic and operational perspective the organisation is likely to 
step in and be a social influencer for the maritime industry. The pace in which the organisation will 
actually step in is subjected to the strategy of the organisation and is likely to be significantly affected 
by social influence and application of essential spare parts in other industries. 
 
The end user states that they are likely to be influenced by management or persons working in the 
same industry, as the technology of additive manufacturing is currently not being used and the 
supposed benefits are not proven from  an  operational  perspective.  Even  though  the  public 
documents show that innovation in any form is key to the surviving and thriving of the organisation 
the end user is not convinced. Root cause is that “… the end user is not easily to be convinced before 
it has proven its operational use”. Only when peers in the same industry (i.e. social influence) are 
using or testing the applicability of additive manufacturing. Another root cause from the perspective 
of the end user is whether the technology is applicable in any form of the maritime industry. This 
refers to the level of fragmentation within the maritime industry (e.g. dredging, container, roll on-roll 
off, bulk, liquids et cetera). Especially for seafaring, the applicability of 3D printing technology is 
questioned. Social influence proves to have a significant role as peers in different segments of the 
maritime industry are an important indicator for the end user to apply the technology. It is likely that 
when an early adaptor in a specific segment shows that the technology is operationally applicable it 
will positively influence the opinion of other end users in the same segment. 
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4.2.2.2 Facilitating  conditions 
Facilitating conditions from the perspective of the manufacturer means guidance, assistance, training 
and instructions to operate 3D printing. As the manufacturer believes that additive manufacturing is 
a very specific technology it needs specific guidance. The technology  is  currently  to  complex  and 
cannot be operated by mechanical personnel with merely engineering education or engineering 
experience without an intensive and specific training. When operating the technology consists of 
software and hardware applications it also means that the quality of the object needs to be up to 
standard. This perspective however, is based on the current state of the technology of additive 
manufacturing. It is likely that if and when the technology is developed to be more easy to use and 
can be operated with less effort (i.e. uncomplicated) personnel within  the  maritime  industry  with 
proper training should be able to use 3D printing effortless. I.e. an infrastructure remains necessary 
to enable a successful behavioural acceptance and use of the technology. 
 
From a ship supplier perspective, the implementation and operational use of the technology  of 
additive manufacturing needs to be initially supported and facilitated by a specialized person that is 
fully capable of handling the 3D printer and create objects that are up to quality standards within a 
certain period. Currently there are no facilitating conditions in place but when the company decides 
to actually use the technology it must be supported. The ship supplier is aligned with the 
manufacturer that “… when the technology can be developed into an effortless and less complex to 
use system crewmembers with a mechanical background should be able to  use  and  create  high 
quality items.” I.e. according to the ship supplier, an infrastructure initially is necessary to enable a 
successful behavioural acceptance and use of the technology, which need to be expanded when the 
use for additive manufacturing of essential spare parts is likely to increase. 
 
The end user agrees with both manufacturer and ship supplier that initially guidance, instruction and 
a specific person needs to be appointed to support the implementation of the technology. When in 
time additive manufacturing has become common practice it could be outsourced to one of the 
crewmembers. When however, management will choose to deploy one 3D printer for a project or 
multiple vessels to increase efficiency by applying economies of scale a specialized professional need 
to be appointed. I.e. according to the end user, “… an infrastructure remains necessary to enable a 
successful behavioural acceptance and use of the technology”, which need to be expanded when the 
use of additive manufacturing for essential spare parts is likely to increase. 
 
4.2.3 Industry characteristics 
4.2.3.1 Level of innovation awareness 
The manufacturer confirms that the maritime industry has a  low level of awareness of innovative 
developments and specifically of additive manufacturing, which could facilitate business processes. 
Quote: “Professionals in the maritime industry are likely to be unaware of the potential benefits when 
printing essential spare parts on board or from a designated location for fast use at times of 
operational breakdown.” It is assumed that over time when the technology of 3D printing will reach a 
larger public the maritime industry will follow other industries when the benefits have proven to be 
more efficient than mass production as known currently. 
 
The supplier of spare parts argues that in top management new innovative ideas are being followed 
to a point from which it can be beneficial in using in the maritime industry. As the corporate 
documents show that shaping the maritime industry signifies that the drive for innovation is  the 
strategic vision the organisation is  mandatory  to  follow  and  therefore  where  possible,  implement 
new developments from which the maritime industry can benefit. Interviewed personnel from ship 
suppliers confirms however that professionals in the maritime industry are unaware of the newest 
innovations and need to be made aware and persuaded to the point of which intention to use or 
actual use of the technology of additive manufacturing will be likely. 
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Interviews with the end user also confirms that an  innovative  technology  as  3D  printing  is  not  in 
scope as a possible solution for operational failure. Even though corporate documents show that 
innovation is important for future growth this perception only exists at top management level. An 
annual report indicates that further professionalising of procurement is key to optimize price, quality, 
synergy and economies of scale. The paradigm within an organization shows that the level of 
awareness of innovative developments can be perceived to be of a low level. Professionals within the 
stakeholder group of the end user e.g. management, procurement or mechanical engineers are likely 
to think and act within their common sources and not in innovative developments. 
 
 
4.2.3.2 Level of utilizing technology 
Interviews with professionals within the manufacturer stakeholder group show that are several 
markets e.g. aerospace, automotive, medical,  semiconductor,  petrochemical,  oil  and  gas  industry 
that are already using additive manufacturing on an intensive scale. The maritime industry is not one 
of these industries and the manufacturer of 3D printing systems is of the opinion that “… it is lacking 
behind for especially essential spare parts.” The rapid development of the technology  and  the 
manner it can be applied on board a vessel, offshore drilling platform or dredging project could show 
financial and operational benefits. There is however no or little interest from professionals within the 
maritime industry as it seems that is needs to be more common in other industries as well that are in 
rapid need of essential spare parts. 
 
The supplier of spare parts indicates that “… the maritime industry is, in terms of using innovative 
technology, has  been developing  in  a rapid  pace  the past years  and  is  likely to  do  so in  the  near 
future.” This is however not applicable to the maritime industry as a whole but only in segments e.g. 
container shipping which is roughly 10% (5000 of 50.000 vessels) of the global merchant fleet. Cargo 
vessels carrying containers are operated by a small crew and specialized personnel will only aboard 
on special occasions such as operational break down. Other segments such as offshore drilling 
platforms, bulk cargo vessels, liquid cargo vessels and dredging vessels remain to rely heavily on 
mechanical operations. These segments are a large part (90%) of the maritime industry and therefore 
many essential marine spare parts are still ordered at the ship supplier. It  also  signifies  that  the 
majority of the maritime industry has a low level of utilizing innovative technology to support the 
business  processes. 
 
The end user indicates that “… in the past the majority of machinery used to be merely mechanical 
and all maintenance was based on the experience of the mechanical engineer and happened when 
operational break down occurred.” Currently, many monitoring functions have been taken over by 
technology and it is argued that even though technology helps to measure operational performance 
and pre-emptive maintenance to prevent operational break down  it  is  still  necessary  for  human 
effort to replace and repair  engines  or  some kind of  equivalent.  In line with this  development  of 
utilization of technology in the maritime industry, it is expected that technology will grow an even 
more demanding spot on the stage but that the human effort will remain regardless of the segment 
within the industry. From the perspective of the end user, it is likely  that  a  technology  such  as 
additive manufacturing will be implemented after costs and benefits have been carefully weighed by 
management. Therefore, it can be assumed that the maritime industry has a low-level utilization of 
technology and is not likely to gain ground in comparison to other industry. Therefore, the industry is 
likely to continue to develop a linear implementation of technology into its business processes and 
the same will apply to 3D printing. 
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4.2.3.3 Level of fragmentation 
The manufacturer indicates that the maritime industry consists of several stakeholders in many 
segments. This will ascertain that the implementation of additive manufacturing is likely to be made 
difficult. As 3D printing works by the economy of scale even though it produces customized objects 
the demand of essential spare parts will be important to make the technology efficient and viable. 
The more the industry is fragmented the more fragmented the demand for spare parts is likely to be. 
The manufacturer states that “… persuasion for the entire industry is therefore absolutely necessary 
to guarantee a successful implementation to this industry.” The sheer argument  that  an  essential 
marine spare part is similar regardless of the segment where it is needed has little foundation, as 
additive manufacturing will prove its worth in every segment. In addition, the manufacturer agrees 
that even though there is a high level of fragmentation the way to persuade the entire industry is to 
implement the technology slowly and segment by segment. The ink spot is then likely to increase and 
reaches and convinces professionals throughout the industry. 
 
Literature states that the maritime industry has a high level of fragmentation.  This means several 
segments such as offshore oilrigs, merchant fleet (container vessels, roll on-roll off vessels,  bulk 
carriers, and general cargo carriers), work ships, dredging vessels, cruise vessels et  cetera.  The 
number of stakeholder that are active in the maritime industry is even more fragmented such as ship 
chandlers, agents, ship owners, cargo owners, investment companies, ship suppliers et cetera. The 
supplier confirms that “… it is a divers market to compete in which is constantly changing by global 
and local influences.” The interviews indicate that the utilization of the technology of additive 
manufacturing needs to be implemented to certain segments that are likely to be successful to 
persuade other segments to implement the technology as well. 
 
Corporate documents from the end user show that the maritime industry is a very  demanding, 
versatile and changing environment. To be able to respond to the many needs innovation is 
necessary to stay on top of the game. Interviews show that the fragmented  world  of  maritime 
industry is indeed a fact as the end users indicate that they have been employed in several segments 
of the industry. Interviews also show that the utilization of technology in several segments is 
developing in several paces. Quote: “Some segments are more progressive and are implementing and 
utilizing modern technologies (container segment) while other segments are very much underutilizing 
innovative technology.” This confirms that fragmentation of the maritime industry can be assumed to 
be a fact in which innovative developments is rather difficult to implement due  to  the  sceptical 
attitude of professionals towards technology. 
 
4.2.4 Behavioural intention 
4.2.4.1 Intention to use the technology 
The manufacturer is very passionate about bringing the technology of additive manufacturing and 3D 
printers into industrial environments. The technology is still in its early stages and is currently used 
on a large scale in high-end industries with a  high  level  of  technology  utilization  e.g.  aerospace, 
health care and automotive industry. The maritime industry  is  due  to  globalization  and  increasing 
world trade a very important industry especially for marine spare parts. Due to the ongoing 
development of the technology and printers itself, such as modular printers which are able to print 
separate objects of different materials in one setup, additive manufacturing is believed to become 
more efficient and easier to use for any industry. The manufacturer indicates that “… the future will 
hold many exciting opportunities in which many industries, companies and organisations need to 
reinvent their selves and adjust their strategy.” 
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The ship supplier is set to be the shaper of the maritime industry as this vision is stated in corporate 
documents. Without investing large amounts of capital and with a minimal risk the organization is 
likely to try to create a significant advantage for both the end user (customer) and for the supplier 
themselves as well. The technology can be an enormous opportunity for the supplier but a major 
threat at the same time. The digitalization and use of innovative technology is perceived to be of high 
importance but the own organization needs to be open and willing to adopt (technicians, sales and 
supply chain) additive manufacturing. This begins with being aware of the possible benefits  and 
learning how it can be of service rather than being a threat to established patterns. 
 
The end user is keen on a few factors regarding the objects that are printed which could lead to 
possible benefits. Quality, price, reliability and total cost of ownership are perceived to be of 
significant influence on the decision to use the technology. As the interviews show that “… the end 
user is sceptic regarding the actual use of printed objects the crew needs to be persuaded by peers in 
other segments or on shore of the possible benefits such as flexibility.” Even though the public 
corporate documents show that innovation of processes such as procurement of marine spares is of 
the utmost importance it is perceived that the balance of costs and benefits need  to  and  will  to 
carefully weighed by top management before the behavioural intention to implement and  use 
additive manufacturing as a substitute for common supply chain will even be adopted. 
33  
4.3  Coded results and proposition support 
In the next table an overview is shown of the derived results of the qualitative empirical research on 
documents and most importantly nine conducted interviews (N=9)  with  stakeholders  divided  into 
three groups (3D printer manufacturer, ships supplier and end user). The constructs are based on the 
unified theory of acceptance of technology (UTAUT). The specific codes were derived from several 
sources from which a synergized matrix was created and can be found in appendices A, B and C. The 
column with documents shows four results (high, neutral, low, none) and shows to what extent the 
codes were found in the documents. In the last column the data shows whether the identified 
propositions as per the conceptual framework are supported (1) or not supported (0). 
 
Constructs Coding Documents Interviews Proposition 
support 
   Stakeholder group P1 P2 P3 
Technology acceptance / Utilization 
Performance 
expectancy 
Quality 
Costs 
Efficiency 
Speed 
Neutral Manufacturer 1   
Supplier 1   
End user 0   
Effort 
expectancy 
Monitoring / 
Control 
Specialization 
Flexibility 
Intellectual 
property 
Neutral Manufacturer 1   
Supplier 1   
End user 0   
Reasoned action / Support 
Social influence Innovation 
Costs 
Persuasion 
None Manufacturer  1  
Supplier  1  
End user  1  
Facilitating 
conditions 
Experience 
Knowledge 
Training 
High Manufacturer  1  
Supplier  1  
End user  1  
Industry  characteristics 
Level of 
awareness 
Industrial 
Metal 
Neutral Manufacturer   1 
Supplier   0 
End user   0 
Level of utilizing 
technology 
Many segments 
Highly fragmented 
Neutral Manufacturer   0 
Supplier   0 
End user   1 
Level of 
fragmentation 
Stakeholders 
Separate  interests 
None Manufacturer   0 
Supplier   1 
End user   1 
Behavioural  intention 
Intention to use Persuasion 
Total cost of 
ownership 
High Manufacturer 1 1 0 
Supplier 1 1 0 
End user 0 0 0 
 
Adoption of proposition 1 1 0 
 
Table 4: Overview of qualitative coded results 
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4.4  Pattern matching 
In the first proposition (P1) it is expected that the utilization variable (independent), which consists of 
performance expectancy and effort expectancy, support the intention to use (dependent) additive 
manufacturing in the maritime industry. Results derived from this study show that elements of the 
utilization variables (performance expectancy and effort expectancy) are consistent in two sources. 
Literature and interviews show that these elements are expected to have significant effect on the 
acceptance of the technology of 3D printing in the maritime industry.  E.g.  one  of  the  end  users 
stated: “The quality of the printed object is likely to be of high standard as it will be tested in practice 
before actual use”. Another quote derived from an interview with the ship supplier states: “The ease 
of use of printing an object yourself can lead to much more flexibility in the operational process.” 
Public documents of the researched companies show no specific data on the expected performance 
or effort regarding the utilization of additive manufacturing. This is perceived to be influenced by the 
level of awareness, which will be addressed in the third proposition. Ergo, proposition P1 or the 
theoretical pattern is significantly found in the empirical data and can therefore be matched  and 
adopted. 
 
The second proposition (P2) states that reasoned action / support variable (independent)  which 
consists of social influence and facilitating conditions, support the intention to use (dependent) 
additive manufacturing in the maritime industry. In the public documents are little to none remarks 
made regarding the importance of social influence. The interviews on the other hand show that this 
is of significant importance by the power of persuasion. Thus, social influence proves to be an 
important element to determine whether the technology will be accepted and the intention to use 
additive manufacturing. In one of the interviews with an end user explained: “At first, the technology 
has to prove itself on shore before it will be used off shore.” The other element of  facilitating 
conditions is found in both public documents and in the conducted interviews. These results show 
that once persuaded by the benefits of additive manufacturing the maritime industry is likely  to 
facilitate the utilization of the technology. Quote: “Professionals need to be convinced of the 
operational (and economic) benefits like quality and costs but only when it is seen live and see that 3D 
printing is actually feasible.” Ergo, combining  both elements to determine whether  the pattern of 
influence on the intention to use 3D printing is proven, P2 can be adopted as there is empirical data 
found that shows that the social influence and facilitating conditions will support the intention to use 
additive manufacturing. There is a match between the theoretical pattern and empirical pattern. 
 
The third proposition (P3) expects that maritime industry characteristics (independent),  which 
consist of the level of awareness, level of utilizing technology and level of fragmentation, will support 
the intention to use (dependent) additive manufacturing in the maritime industry. In  all  three 
sources empirical data was found. This shows that the level of awareness regarding 3D metal printing 
is present but can still be considered as low. Quote from an interview with an end user: “I have only 
seen 3D printing for at-home purposes but never in an industrial environment, let alone the maritime 
industry”. Especially on the industrial purpose and possible benefits, the level of utilization of 
technology is neutral because there are segments  (e.g.  container  shipping)  which  are  using 
technology significantly and segments that are sole using mechanical applications. The level of 
fragmentation is perceived to be high as there are many stakeholders which have different interests. 
Quote from the interview with a  ship  supplier:  “For  every  segment  additive  manufacturing 
technology needs to be researched. Some mechanical and low-tech segments will have difficulties to 
adopt to innovative technology.” These characteristics prove to act as a retarder and it  can  be 
assumed that it does not support the intention to use additive manufacturing. Thus, the theoretical 
pattern established in this proposition is inconsistent with the empirical pattern and cannot be 
adopted. The maritime characteristics negatively influence acceptance of additive manufacturing and 
the intention to use the technology. 
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5 Conclusions, discussions and recommendations 
 
 
5.1  Conclusions 
The main research question is divided into two separate parts where the first part can be considered 
as a condition for the latter part. As the developed conceptual model based on the unified theory of 
acceptance of technology (UTAUT) by Venkatesh et al (2003) is matched with empirical information 
derived from conducted interviews the main research question and sub questions can be answered. 
 
(1) Is additive manufacturing (3D printing) likely to be accepted as an innovative technology and (2) is 
likely to significantly affect the supply of marine spares within the maritime industry? 
 
As the acceptance of the innovative technology of 3D printing marine spares is essential to cause a 
disruptive effect on the supply of spares (consistent with Danneels, 2004 and Berman, 2012) 
technology acceptance needs to be present to enable behavioural intention. 
 
Maritime characteristics, identified by Marchet et al (2009), prove to  be  significant  elements  to 
hinder the acceptance of additive manufacturing. The technology needs to gain in publicity to create 
more awareness to overcome a low level of awareness regarding innovative technology. Second, 
professionals in the maritime industry need to become convinced of the proposed benefits before 
showing behavioural intention to use additive manufacturing. These benefits are regarding the 
utilization of technology which proves in most segments to be more mechanical than high-tech. It 
can be concluded that that the use of technology in the maritime industry is at an immature state. 
Third, fragmentation can also be considered as a significant variable as results show that the 
technology could be more feasible in some segments than other. The results also confirm that the 
maritime industry can be considered to be highly fragmented. Even though the qualitative data is the 
most significant result of this explorative study the pattern matching process between stated 
propositions and empirical data shows that the maritime characteristics are the main reason that the 
technology will not be accepted as an emerging technology and viable alternative for the supply of 
marine spares. 
 
The second part of the research question is regarding the effect of the acceptance of additive 
manufacturing is likely to have on the supply of marine spares. As stated, the acceptance of the 
technology is a prerequisite for intentional behaviour. As the results show that, there is (currently) 
limited base for the acceptance of the technology within the maritime industry and it can be 
concluded that supply of spares is not likely to be affected. The results  however  also  show  that 
additive manufacturing is a fast emerging technology with numerous possibilities. The onshore and 
offshore segments of the maritime industry need to gain (more) awareness of the proposed benefits 
by sharing experiences and knowledge with other industries, which are already using the technology. 
New insights show that partnerships with other organisations from the maritime industry or other 
industries form a feasible basis to explore the proposed benefits of additive manufacturing. In the 
process creating awareness and convincing organisations and individuals of the proposed benefits. 
This is consistent with findings by Oettmeier and Hofmann (2016) which indicate intra- and inter- 
organisational factors should be considered  when  investigating  the  adoption  of  additive 
manufacturing  technology. 
 
In addition, the 3D metal printing technology is developing into a  more  cost  efficient  technology, 
Results show that this development aids support and drives technology acceptance within the 
maritime industry. The intentional behaviour and actual use of 3D printing however, based on the 
results, will take approximately at least another five years before organisations in different segments 
will use the technology of additive manufacturing on a large scale. Nonetheless, organisations show 
innovative  drive  and  the  utilization  of  this  technology  is  likely  to  grow  exponentially  in  the  whole 
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industry due perceived usefulness and ease of use (performance and effort), which aligns with the 
technology acceptance model (TAM) developed by Davis et al (1989). Also social influence remains 
very important to persuade decision makers and end users of the benefits before  the  maritime 
industry will actually start using additive manufacturing. 
 
Ergo, additive manufacturing has the ability to result in  major disruptive changes in the supply of 
marine spares as the end user becomes more willing  to  accept  the  technology  even  though  the 
future development of the technology is not a given fact (Earls and Bara, 2014). Future (additive) 
manufacturing of marine spares, purchasing  activities by  a ship supplier, storage  of marine  spares 
and the distribution (including last mile delivery) is likely to change significantly once the technology 
will actually be accepted by the maritime industry. In what specific way is subject of discussion. 
 
5.2  Discussion 
As the adoption of additive manufacturing is still a widely unexplored  field  there  are  not  many 
studies which provide a good base for discussion. This shows that explorative results and conclusions 
derived from this study add to the existing body of knowledge. Even though the conceptual 
framework is based on existing models of TAM, TRA and UTAUT (Davis et al (1989), Ajzen & Fishbein 
(1975), Venkatesh et al (2003)) and identified maritime characteristics (Marchet et al, 2009) empirical 
data shows that the latter is the main reason for the technology to not be accepted. This study aligns 
with Earls and Bara (2014) that even despite the promise that 3D printing holds, there are still 
improvements to be made to the technology before adoption is actually feasible. This has mostly to 
do with performance and effort expectancy of the  technology  (technology  acceptance  model  by 
Davis et al, 1989). Other empirical data (Duintjer and Schardijn, 2016) shows that there is emerging 
interest from organizations for 3D printing of marine spares. The pilot in Rotterdam confirms that the 
concept of the technology is viable but organisations need to build experience and exchange lessons 
learned to actually be convinced before considering and using additive manufacturing as  an 
alternative for mass produced marine spares which are delivered via classic supply chain. 
 
Oettmeier and Hofmann (2016) state that the impact of 3D printing on the supply chain can create 
specific opportunities on both supply and demand side. Both upstream and downstream, it is likely to 
create more integration (intra and inter-organisational) which can lead to a short supply chain where 
manufacturer, supplier and customer are in close proximity. What Oettmeier and Hofmann (2016) do 
not take in consideration is that the technology first needs to be accepted to have any effect before a 
shorter supply chain can emerge or be designed. Oettmeier and Hofmann (2016) also indicate that 
the main determinant for organisations to adopt additive manufacturing is at demand-side. I.e. the 
customer determines the way the supply chain will be (re)designed. Based on the results of this study 
this statement can be discussed. In particular, for the maritime industry specific characteristics 
(Marchet et al, 2009) are a key driver for technology acceptance. These characteristics are however 
not sole applicable for the demand side of the supply chain but can be addressed to every 
stakeholder in the supply chain and maritime industry. E.g. the ship supplier (supply side) is aiming to 
shape the maritime industry but proves to be equally insufficiently aware of additive manufacturing 
and its capabilities. What can be agreed upon is that once the end user has adopted the technology, 
it can move power to the demand side. Whether this will lead to a shortened and redesigned supply 
chain can be questioned. End users indicate that “…. with power comes responsibilities.”,  which 
signifies that organisations at demand side want to be cared for and not generating a new support 
stream for their own organisation as it is not their core business. 
 
As discussed, the results show that current additive manufacturing suffers from a number of 
improvement potentials. These limitations or improvement  options  are  consistent  with  Earls  and 
Bara (2014) and also align with Petrick et al  (2013)  and  Pisano  et  al  (2013).  Three  elements  that 
needs    improvement    to    enable    replacement    of    mass    produced    objects    are    performance 
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characteristics (ease of use, reliability and repeatability) which align  with  technology  acceptance 
model (Davis et al, 1989). Secondly, multi material capability which can mix several materials as the 
results show that there is currently only a modular application of 3D printers available. Other 
empirical data shows that the International Convention for the Safety of Life at Sea (SOLAS) demands 
the classification of vessels and marine spares by a condition assessment scheme  (CAS)  which  is 
audited by a certified third party like Det Norske Veritas (DNV) to guarantee  safety  by  quality. 
Another finding of the expert interviews is the  availability  of  digital  designs  of  marine  spares.  As 
these designs are owned by the manufacturer of the machine or system and are likely to be 
intellectual property, the maritime industry needs to ensure an agreement to ensure availability of 
3D designs. These designs can be stored in a digital environment i.e. a database or digital warehouse 
(consistent with Duintjer and Schardijn, 2016) and be made available to any party. 
 
Empirical data (public documents and interviews) show that innovation and continuous improvement 
is key to survival of the organisation (aligned with Poulis et al, 2011).  The vision and strategy of the 
organisation need to be focused on the customer and its demands. The constantly changing, volatile 
and high demand market needs to be followed and preferably even shaped. Management and 
individuals in the maritime industry are well aware of the value that needs to be added  for  the 
customer. The actual end user understands that innovation is necessary but is more reluctant to see 
innovative technology as an improvement in the operational environment. This has much to do with 
collective fear that human (mechanical) tasks will be taken over by  automation  (consistent  with 
Thiesse et al, 2015). As the technology of additive manufacturing is growing in quality, reliability or 
i.e. trust from organisations and individuals (but not yet intention to use) the key decision makers 
need to take the total cost of ownership. Apart from the operational benefits, this will determine 
whether the technology of additive  manufacturing  will  be  implemented.  However,  when  the 
customer requires more flexibility due to volatility all organisations in the supply chain need to show 
flexibility as well. This is likely to drive the search for more efficient and effective methods to obtain 
marine spares (consistent with Waller et al 2014, Howard et al, 2014). Hence,  the  adoption  of 
additive manufacturing can be assumed to  be  of  an  interdisciplinary  nature  (Oetmeijer  and 
Hoffmann, 2016). Not only an operational perspective, but also from a technological and economical 
perspective. 
 
What Oettmeier & Hofmann (2016), Venkatesh et al (2003) and Marchet et al (2009) do not 
recognize, within this interdisciplinary perspective of adoption, is the human perspective and more 
specific the demographic or sociological factor. Results from this study, and therefore new insights in 
the acceptance of innovative technology, show that generations within the maritime industry  are 
slowing down the adoption of new and  innovative  technology  such  as  3D  printing  due  to 
conservative beliefs. Empirical data is found in interviews that individuals from different ages have a 
different approach to innovative technology. As older generations are likely to be in decision making 
positions within an organisation it can be assumed that they have a large influence on what 
technologies are to be used (or not). Fishbein & Ajzen (1975) however do mention normative beliefs 
to be of influence on technology acceptance. 
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5.3  Limitations of the research 
This study suffers from a number of limitations. First remark is that the maritime industry is a very 
large and fragmented industry from which it is difficult  to  get  a  clear  and  holistic  perspective.  It 
would be poor based to propose a general statement regarding the complete maritime industry as 
the segments have different identities, characteristics and interests. To really  understand  the 
possible implications of additive manufacturing every segment should be treated and researched as a 
separate case.  This research only draws a larger  picture of  what  3D printing could signify for the 
maritime  industry. 
 
The second remark is that the technology of 3D printing is still developing in a rapid pace. The full 
capabilities are not yet known by anybody as the large industrial masses are only just learning to 
understand the possibilities. When more professionals will be working with the technology, it is likely 
to be developed to an industrial substitute for mass production in an even higher pace. This research 
is using the current capabilities of the 3D printing to be accurate as the future capabilities can only be 
estimated 
 
Third limitation is the focus of this research, which is too limited in time and scope to embody all 
segments of the maritime industry. Even though nine months of research is an extensive period of 
time and information from literature, interviews and public documents are gathered it still is a 
relatively short period. To really study and understand the possible implications of additive 
manufacturing more time needs to be spent by researchers which embodies quantitative research 
and not only qualitative research. A large amount of quantitative information means that more 
professionals are being reached which enables gathering of statistical and empirical results. From this 
large database, it is easier to derive analytical findings. This is however only feasible when more 
organisations and individuals are aware of the technology, potential and possible implications. 
 
5.4  Recommendations for management 
The results and conclusions show that additive manufacturing holds promising benefits but it first 
need to be accepted as an innovating technology. As the research is focused on three separate 
stakeholder groups, the recommendations are separated accordingly. 
 
The manufacturer of 3D printers should focus on supporting additive manufacturing as a viable and 
economic alternative for conventional production of marine spares. By doing so, it can build a 
relationship with organisations in the maritime industry. The manufacturer  can  extend  this 
relationship by earning trust, overcoming possible thresholds, showing  practical  viability  and 
convincing professionals of the possible benefits a partnership becomes a feasible option. The 
maritime industry needs to be guided in the world of additive manufacturing. The curiosity of the 
industry and organisation is present but the actual acceptance and implementation of the technology 
needs to be taken gradually. 
 
For the supplier of marine spares additive manufacturing can be an imminent threat or opportunity. 
The strategy of positioning the organisation as  an  innovative  partner,  which  takes  care  of 
professional demand, is only credible when there are actions, which support this strategy. As the 
technology of additive manufacturing is developing in a rapid pace the time to step in at this present 
moment in time. The technology is still in its early stages and more  and  more  organisations  are 
become aware and learning of the prosed benefits. New business models  will emerge and in this 
vacuum new opportunities arise equally fast. Similarly, as for the manufacturer of 3D printers the 
organisations have the best option to form a partnership with the end user to enable total care of all 
demand. Then the end user or customer does not need to do all the research and development on 
additive manufacturing because the supplier does all the  work  for  them.  This  process  is  likely  to 
make the end user dependent of the supplier, which makes sure the power is with the supplier. If 
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and when the supplier steps in to late in the process of discovering the new technology of 3D printing 
it is likely that the end user or customer will do the research and development on its own or in a 
coalition with other end users. 
 
The end user is, as shown, despite a conservative and restrained attitude curious to find out what 
additive manufacturing actually means and which  benefits  (economical  and  operational)  are 
proposed. As the maritime industry is argued to be a conservative and fragmented industry, it needs 
persuasion by different stakeholders. At first the management needs to be convinced and parallel 
the actual end user needs operational proof of feasibility. By using the ink spot strategy which roles 
out the acceptance and intentional behaviour to actually use the technology, the persuasion can be 
given support within on shore to offshore activities of and organisation and cross segmental between 
separate segments within the industry. By doing so in a slow pace, even though the technology is 
developing rapidly, organisations and professionals throughout the industry can slowly become more 
aware, adjust and accept the technology of additive manufacturing as a viable alternative for 
conventional supply chain performance and delivery of marine spares. 
 
5.5  Recommendations for further research 
As little to none research on additive manufacturing in the maritime industry has been conducted 
there a number of recommendations for further research. The first recommendation implies that the 
reasoned action needs to further studied. The reasoned action refers to the cognitive awareness, 
behaviour and attitude, which holds significant effects on the social influence and facilitating 
conditions to enable additive manufacturing as an alternative or even substitute for mass production 
of marine spares. The demographic background of professionals in strategical  or  operational roles 
need to be taken into consideration as an element for technology acceptance. The second 
recommendation is in line with the first as it refers to psychological behaviour of professionals that 
are working in the maritime industry. Due to the seemingly conservative nature of the industry, it 
needs to be researched why and what affect it holds on decision making and intentional behaviour to 
adopt 3D printing. The third recommendation for further research is regarding the holistic perception 
of the maritime industry in this particular research. As it is argued that the industry is segmented 
with their own identity and characteristics the separate sectors can be studied as a separate case. 
This will show the acceptance of the technology in a particular segment instead of the acceptance in 
the whole industry. The last recommendation is regarding the effects on supply chain as this is a 
consequence of the level of acceptance within the maritime industry. More research needs to done 
on the acceptance of the technology which leads to better foundation of results. The effects on the 
separate elements of the supply marine spares (inventory, warehousing, transport, last mile delivery) 
are likely to better founded as well and therefore easier to anticipate or respond from a practical 
perspective. 
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